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(54) ZOOM LENS AND PROJECTION DEVICE HAVING THE SAME 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a telecentric 
and compact zoom lens whose back focus is long while 
obtaining satisfactory optical performance, 
SOLUTION: This zoom lens is provided with a 1 st lens 
group LI, having negative refractive power, a 2nd lens 
group L2 having positive refractive power, a 3rd lens 
group L3 having negative refractive power, a 4th lens 
group L4 having positive refractive power and a 5th lens 
group L5 having positive refractive power in turn from a 
large conjugate side. Then, when a variable power action 
is executed to a telephoto end from a wide angle end, 
the groups L2 and L4 are moved to the large conjugate 
side. Also it is provided with at least one asphericaH 
surface lens. Then, when the distance to a small 
conjugate surface from the pupil of a short conjugate 
side at the wide angle end when the conjugate length of 
a long conjugate side is infinity is defined as (tkw), and 
the focal distance of a whole system at the wide angle 
end is defined as (fw). the conditional expression of 
&verbar;tkw/fw&verbar,>4 is satisfied. 
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®l»f:^7®»3 U>X^L 3 . JE(OWmt)(OmA U>Xg? 
L4. iE©®^:tl<Dm5 b>XgfL5*WL, JEft^3?r> 
e>S^^(0^<S{C^l/. ^2 U>XSfL2<!:04U> 
XSf L 4 !Cf^*feW5C^tt 3 if i X- A U > Xt:*. 
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*-C©8BJB=&t kw. jAft«S{cteW4^m<0j»,.^.^* 

f wt-rsi*. 

I t kw/f w I >4 
X 

iti -r S iS*31l 7!)M 3 f e«cO X- A U > X. 

^2 u>xgf<!:»3 u>xaf©raHi«ii:^o. fTiams 

U>XPil?4 U>Xgf©ra|!iWjl^^SCi«!^<E: 
t^miM 1 7!)M4ie*£©X-i>, l.>X. 
Ci«*S6] Eft^*^e.Siaffl'^©^<g«:BK(^. fFta 
mi U>X»<tm2 U>Xm)fSlfil«j«i!>0. friBm4 

u>xiii5 u>xep©ramit:^-r*ci*i|*«fr 
5 tais©x- A u >x. 

U>X<!:^^£< <!:*> 1 tSc©ftU>X€r^L. HufBS^S U 
>Xap«d>&< <b«> ltSt©mu>X«:WrSCt«r!^8i 
ifStt^^l 7^M6ffi«E©X-AU>X. 

©^^.©a'^JBIlt^: t tmi l'>X&<om!^.mti: f 
K »2U>Xffif©M.-^J6{8f*f Ei-rat*, 
0. 8< I f 1 I /f 2<2 

0. 5<lf2/V"(fwxft) I<1. 5 

fj: i> ^ie*iijs-r i>ct tri> m^m i nm. i 
fatgwx-Au^x. 

a. jEft^K:ijwsHoiail3 u>xgf©{4gtcifc-<rs 

1. ^^^SHfflK * S C i i&iRFa <b -r 1 7!»M 8 te*8© 

X-AU>X. 

[sS*5« 1 0 ] B^sem 1 u >Xgf»@3£ 

$nru« c i*^#a4i-r sft^ i timq ^©x- 

AU>X. 

[gS^i 1 ] B5ia^i w>xgfti. «4>Sc»itS;lliJ 
{CiE U>XiSrWt-5 C i41^i-r-5sft^JS 1 1 0 
iai8©X-AU>X, 



(2) i^ra 2000-206409 

2 

[ifj^^i 2] fiiai^i u>xgf«> su»^^'(S:PJ*»<E> 
}$oiEu>x. gt^^t?ft«'l{ceiffi*isittfe:e^-x:^x 

U>X. S5I!gu>X, iEU>XJ:9«^3nSCi«r!^ 

Sii-r -51^*^1 ifeig©x-Au>x. 

lite. st^^«a««:eiffi*i*iwfc«j'^x*xu>x> 

MIHU>X. iEU>XJ:i9«^$n. 

10 -r 1 TiM 1 0 fBi8©x- A u >x. 

[i»*JSi4] HMiei^s u>xgfw, ift©iEU'>x 
J;0«fiS3ns«5:«K:. ^iEU>X©::;«;:^)&:^t^g;fflij©u 
>XM©ft^S*R5 f . SljEU>X©MC>i^ffl(© 
U>Xffi©ft^^S*R5 ri-rSi*. 

' I R5f I 

3iais©x-Ai/>x. 

20 1 5 ] ^«]S 1 Ti^ 1 4ia«©X- A U>X 

[gf^ 1 6 ] WM^^ivctit^^^WLb. ^MHi* 
xi?y->K:!aitTSfc*©!9:Stw>X%WL'. ^« 

U>X*iiS^17!iMl 4fB«S©X-AU>X{CJ:oT 

So 

[|6i»©Pffl:rcClA^} 
[0 00 1 } 

\^m<r>mti>mfi'^m *^ii«x-Aw>xK:g8-r 

->«cfi;:AcS:«-r-5:/ni^x i'v' 3 >«g©fi»f u>X 
{CSHi«cX-A U>X{CB5t- -5 fc©-C*4, 
[0002] 

[se*©!$'#] A©S»T:'3©U>XgpAi5fetf-rS**-7- 
- h-M©X- A u>xa. jt^Sfl«>jCTift^t*ssa 

ii©!^«rWb-ct^-s. b*^L^©JKffi, mm^^m 
■rsu>xap©^i6s*5if:A:i/te»). ia^^<t*s»i/c> 

10 [0003] cn6©i^'±:*?Jt#L. U>X^,^«c©/h 

s^tsyf jis^<S{ o /c X- A u > x*i , 

IIS49-2 39 1 2-^<R«. i^ggBSS 3 - 3 4 5 3 9 ^ 

>2;«. !|#paBa5 7-16321 i^pasgs a - 

4 1 1 3^iR$6. i^eiBae 3-24151 1 ^ 
o-c!Rfgg^2-2 0 1 3 1 o#4>«^t?*i3g3m:t» 

[0 004 ] cn6©S^^T«. X-AU>X*!KI» 

»J<fcO«|{cm. IE. -E-LTiE©a»f;t»©4o©u> 
X«fJ:i3«lfiSb. c©^%3fS©u>X»?ria«««:^SIj 

50 $1*T^<S%?foTI,>S. 
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[0 00 5] 

[0 0 0 6 ] (1) m^(Dmit^^. tMtm^oy^^ 

[0007] ( 2 ) m7F{i^t^mu>:K(om(iC^^r^ 
[0 008] ( 3 ) -mcm7Tmmt±.-ijwmiti^fc 

[0 00 9] ccDj: ^ t£^^mm(>C)^o. mmom^m 

[0010] M&C, 132 1 (a) CCiS-T J: ^ tC2 ^<7)JS 
- A u > x^SM u > x<b L r ffl I i ^ <b Eft SSrcoMft 

';->s±cDS^^At^^2 1(b) (fcmrnxmrct 

syai?xi'4?-B(DXd7 y->s±c[)!adiJ«B»Bl2 

1(b) ^Cf^MnTTi-r C t < ]ffiM:&mt^<?:,*^^M<D^ 

-vmm<DiiLm'^iz^ami)^<m^Lxi>. 200 
[0011] mmyt^^m^^'^'^. m^^ 40 

ITS, 

[0012] 

[tss^MS^T-s/cd^jcD^m] ±o&<^mm^m^r^tc 

(DmmtXOmi U>Xgf. iEO®5r:t^CD^2 U>Xgf. 
fiOS»f;b<Dm3 U>X|*. IE<7)S5r:^0»4 b>X 

sf. jE<D®»f:^cDm5 u>xef^:wt. fznm^^mm 



l^ra 2000-206409 
4 

:^c^^lSffli]^^S&?-t±'5X-AU>xr*or. d-^3^cC< 
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[0013] 

[0014] (m^j^m I) mi mkm<D^mmmm 1 

^Cf'- ^ ^S^TSfeteJi^fii 1 C7)X- A U >X© U>X»rM 
mvi>i„ *SIJBf?«S<DX-AU>X«. ;Fa7n©;^^^ 
(sc>^tg;(|ij^ m^j^fflij) ;o^6»c. ftcD®»T 
;^o^i u>xafL 1 . jE(omm:b(Dm2 u>xafL 
2. n<omvrt}(Dm3V'>:xmL3. jEommtxomA 

jA.ft«;o^e>sa^<7)^fs cx--5>y) ccggb. mi 

U>XfflfL 1 U>XafL2«@^r*^). 112 1^ 

>XBfL 2 <!:||4 U>Xaf L 4 V ->m^n«S$ 

^^^i^c. 113 u>x?¥L3 fcx^ ';->fflijccmili(c 

[00 15] *3IJS?f$.^{c:BV^r. mi U>XSfLl 

^y->fflJ^c3Sliv^•»7-i&f$-^iEu>x, x^? 

{Cdiffi^:[^t:f/c:gy :::.y^5r7XU>X. MDai^>X. JEb 
>XJ:0«^$n. fi^^>^;^7:^U>Xfri>^i7t;->ffliJ 
<Dffl3&^0^^ffi i & o T I ^ 6 #N^M U > X"C * S „ 
[0 0 1 6 ] ^1 U>X^L 1 c7)S*>Xi^ U->ffl«CjE 

u>X4ffiS-r^<Dts. iiffi)RM^ffiiE^^/ci?)-e* 
!»tc■eo[)iE^>X(DXi?y->^ll(c?ilw^•9-%^* 

151 U>XS¥L lO^^i^? •;->ffl9*^6 2S@{ca 
y^;a^:^7XU>X€rlBia'r6(D». ttn:«:iKO®*f*« 

[00 17] S2U>XSfL2«. JSffiJRM<fctt±aiR 

u>X, MeiU>Xiftu>X^ig^L//t«'&u>X<i: 
i9«^3nri^S„ ^3U>XffifL3». USSfCD^tt 

Aj:ie(CDp[!au>XJ:Ofil^?nTl^^, m4U>Xgf 
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COO 1 8} C(D<fc^j^j:«fiictcJ:>5. ^J^3t^ttfig* 

So ^#tc*^j&sg"C(i. ®i u>xsfcoM^>x^y- 
#a<Dmy-;^;^xu>X(c^^t^®^fflt^Scir. M 

[0019] (mmmmz ) n 2 {rim(DWiwmmm 2 

7^- ^ ^^'r^fl^,^ 2 ODX-- A U > X(D Ix > XKffi 
ST*So 2|s^]M0i5flS(DX-AU>Xt3:. HlfeJ^ffiKD 

J;0^Lrf9:Wgg»t (Xi5^ ';->^-ccDl£(i) omm 

[0 0 2 0 ] (SI*S?I5^3 ) m 3 (ifa^<?)|S[«iSIJ6W 3 
7= - ^^TSISfeJfJ^ 3 O X- A U > X(^> U > XtKH 

A^J:^m5 U>XSP<3DW>X«j^^3&5g3^J:^|UfeJg^t? 

[0 02 1 ] 1 U>Xg¥LUi. X^»; 

jE^-X:^;^u>Xci:0«fiK5n. :g>^:::^x:^;^ u>x 
«X i!? U - >«I(Dffl*^^f Sffi <!: 34 o r (.^ -5 ^PKffi U > X 30 

p fflUctb t r X - >ffllCC?SC -7 - «r It 
Ofi U > X. X 1? V - >«9(Ci:k u r}KS>'^•:^ Jl^ P ffllJ{C?S 

C:^/^•»7-^^$OIEU>X, ?gH^>'>*^;l'Pffl'JCCQM^rSjC:t 

5 u>xaf L 5 m^^<^)\^pm(om^$}Fmm^mu 

/ciEU>Xci:f3«^5nS. 

[0022 ] #51^^3SCDiS37&5iSO>mi U>XgfL 1 t 
115 U>Xg¥L5^c|^S^M^/fil^SCi:(CJ;0. Sd^r 40 

[0023] immmmA ) a 4 is. f^<D»ffijU6«^ 

4 {c X- t5i *7n-rse5feJKffi 4 ox- A U > X<D u > XK 

mmvh^. *^?^.®ox--Au>x«. ii:^s.«3 

[0024] (^?e,^5 ) 0 5 (S. f^^DStfii^^ 

5 f'- i> -riljte^-^ 5 CD X - A U > XcD U > X»T 
®ia-C*S. *|ligfl5}SCDX-AU>X«. |ISg0jS4 
CDSrS U>;^i& lt5«DiEU>X<5: 1 tJt<D1il U>X(CS 50 
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[0025 ] 'xt^^mm^m(Dnwi(^r>\.^xmMr^. 

[0026] ( a ) m^^^^)^ P CCS4>ia 
JllffeJf$?Jl--4'e«, ^5 U>Xg¥L5^XrJ7y-*>fflij 

tcat^affi^&f^t^f /c:iEix>x 1 «c<3[)^r«^-r4 c 

[0 02 7 ] (b) |g2 U>Xg|L2. »3 U>XafL 
3. ^4U>XSL4*5^«l$1±"C^f&*tf^C^JcJ: 

[0 02 8] <c) mi U>XSPL l*5:g(7)ia#f;fj;§::^ 

•3. i?a;^^-r ^a:/yXAif(3r)fe#jS^^©x-^-x 

[002 9] ( d ) &m<DMifxtii:mm(>cms:L . m i 

U>XfflfLlJ&X-5>i?^*@^<h-rSC<!:'C. HI U 
[0 0 3 0] (e)|ISSj|5^1. 2CC*5l^T«. 1^1 U 

v->M5c^cwsr;-^}#oiEu>x<b. 

U - >fiij cc Qffi ^i- ;rcft y X ;^ ;^ u > X^iea 6 . 

[0 0 3 1 ] 3l]!ftejg®3. 4K:*5i^r». x^»;->ffliJ 
tc^^^ffi^Wb :^ ^ y ->fflKcOM^[SlC:f fc:ty ^x ;^ 
xu>x^mi u>xefL icDa<>;^^y->ffil(cffis 

ii>^cC< i4> ltS(<D#^£^ffiU>X«rH5 U>XSfL5 

[003 2] l|]!feJK^5Cc*5l^r(3:. X^ V-^ffltttc^^ 
^S^W L/X ^ y ->fflilCCCiffi«:f^C:r/cm^ ;^X U 
>X^IS1 U>X8fL lCDfi*iXi;"J->MCCieSL. 
^b3^c< i'b 1 t5«OiEU>X<hii>^c< i«> 1 tiO*U>X 

[0 03 3] < f ) Eft^. MigSS(D^.^OJ^«^.^SI^ 

1. m2 U>Xi¥L2CDM,^JE(lt*f 2. m3U>X« 
L3<D^,«^.SE^^f 3. m4U>XSfL4(DM«;&[^llt^ 
f4. m5U>XefL5<Dj^^JBSt=S:f 5. Eft^CCfc 
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0. 8< I f 1 I /f 2<2 

0. 5<f 2//" (f wx f t) <1 

[0034] { 1 ) ^im^^<^f\'Pmii^f^mcmtm 

-^C9Al*Aa3!>5««S'''!^JVP0!>^ia-C7^^ < ^o-ClyS 
[0 03 5] (2) S;«il£<i&gf-C*S02 U-VXgpL 

0. 9< I f 1 I /f w<2 
[0 03 8] (4) 5!JCDTrefii*iSm-rS<tl^l U>X 

-«:!&»). ±ISfii*ffliL4iim^>XSfL l©-'^•■7- 20 

0. 9<Z 2/Z< 1 . 1 
0. 5<M2/M4<1. 9 
0. 5<M2/ { f t - f w) < 1 
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(1) 
(2) 
(3) 



[0 04 0] (5) ^«S:m«bift-5m2 U>XefL2 
tm4\y>:XmL4 -CcD^fS© Jt ^:3t^{cM^i- S cD 

CDttS(C^6(D;b]^$ 30 
[0 04 1 ] (6). (7) 5^»P>X^*cr)SSiS 

0. 1 5< f 2/f 4<0. 9 

i^c -S * {i J£ L T t ^ -5 . 

[0 04 3] (6). (8) ^m©-'>-'7-i2 

0. 3<b f/f 5<C. 6 

0. 9<l fl l/bf<2. 2 

m -c*^.. ^ (9) 

H2> h y V f tc-rsfcJbeciiJSfe^-e**, jS: (9 ) 

1. 0< I f 1 l/V" (fwxf t) <1 

0. e< 

1 . 1< 

1. 5< 



*i>, (2) ^(ormm^mmtit. m i u^xpl i 

<DafSJ:t^f#Sfca{){C|^2 U>XfffL2CD^»ljS4;^* 

[0036} { 3 ) scw*^<ssF©>'<'7-=&ja^(c-r * 
5fcAK^2 u>xfflPL 2<D«;«ia*:A:# < •rs!i:>s*« 

[ 0 0 3 7 ] «M?«fl*aiE{CffiiE-r-5ft:is&{c. 
(4) 

[003 91 ^S:<SSfT*S02 U>XSPL2CD 

<g$©gffg{C^ '^^'fk /32t//S2w;&Z2. ^j^Oji 
^ttO^^fcf t/fw«rZiL<> ^fSgPi:'^-5ll2 W 
>Xgf L 2<i:*4U>;^L4 ©X- 5 > y-C©«g6fi 

(jA^jSfiiSiigsiiiearoM) *-en-enM2. m4 

(5) 
(6) 

5 (7) 
★ XPL2 <!:l^4 U>XifL 4 <!:-e»l34 U>Xg|L 4© 

*-r-5tcttC©05H*s$f* Ll^o 
[0 04 2] ±j£EL/cJ;^{Clpr2 U>X^L2im4b 
>XSfL4<k-Cl*^4 ^>;^L4©:*^*^-'^•■7-*^^< 

&o*«%-r*-5©-c. 



(8) 

[004 4] *te. >'^5'i'7*-*X4b f tnt 

If. 

(9> 

! (10) 

S ( 1 0) fc^ffl€:jS^CCi 0^1*16. 
40 >'>-4^;l'Pfl)I*»?>^/cras-C©8E»*fi< L-. -T-HzX- 

i'{c-r-s/cijf)©^#t?*s. 

[0045] #af©/^•7-fiBS€^a^CC0oo. 



[0 04 6] ^/c, X-5> 



7 (11) 

f 3 I /V~ ( f wx f t) <2. 0 (12) 

f 4 yr ( f wX f t ) <3. 5 (13) 

f 5 /V" (fwxft)<3. 0 (14) 

ytC*jW4<g^feiR^%(S 50 =&. ^£-©T^.'^««/3*ifetT©iBH©ftU>X-C«J^L 
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v3>3 5 
v3>40 
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(15) 



(15a) 

[004 8} $ /c. W'XcDfg^&lRll^r/jN^ <-ri>tclsb [004 9] 

K. ^1 u>x©fL 1 *«fi5?r-s:ftu>x©^i^Ti''<»s 

V 1 n>5 5 (16) 
^ftJKII4^tC»iEf SfcAK. H5 U>XgfL5« ★C0050J 
lt5tOiEU>XJ;i3«^-r4ti!*«c. e^T©^iC*«l lO [it 2] 

R5r I 



1< 



R5f 



CC-C R5 f : 
R5 r : U 



115 u>xiPo>^i' «;->flijoix>x 
S i 

0. 1 5<SF 5 < 1 . 5 
CC-C SF5 = (R5r + R5f)/'(R5r-R5 
f ) 

[0 05 2] ^Ste?}$Ml--5©X-AU>XSJ. CCf 
Si^^Lft: ( 1 ) ~ ( 1 8 ) ^'S:±xmS.l^X\,^i>i)K 

Kf#?)n-5 4>©-C*-S©r. X-AU>X©f±««:J;o 
•C. (1 ) ~ (1 8) ^©* <=>(?> Sffi^-&t>1±-&i'3f# 

s«»©r*s. 

[005 3] ( g ) WmiSBi'^©fc-> M 1 

U>:^L 1-Ctf ■5©*i«^S*>®^-C4)SAS. ^3 
U>;^L3-?>m5 U>XefL5, *St»»aS[©af«r 

[0054] s^jfeffj,^ 1 ~5tc7F-ri ^{c^RX-rsc i 
tcj:»). ffia&«fi5cK:-cF:^>-'N'-*si. sm&tm^ 
< . Mft^<s^ejRM©i^=&^i»a: < fflj^fc/iN^©-f u 

■b> m f i'X-AU>X*^'r-5C<f:A5-c§^S, C 
©J:^ScX-AU> X«rt£:^^ -i? X 3 >^H 
©ta«u>X{cffliiSC<t{cj:or, iiSWffliiiiiiiSiJ 
=&tf ^ C <!: *5-C ^ S . * fcSiaiR^=&^ig«^l|Sf ®fe 
•C/Jn$< -C^/<:©f. 2-&fe?±©?^S7"pyx i'^-?: 

[0055] i':iTic^mmmi^yrit, ^^mmic 

fctit:. r i »X 'J ->ffliJj6oe. i #@©ffi©tt^ 
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[005 1 ] 



20 



30 



40 



(1 8) 

d i IJXi' ';->fll(I*ie> i#a©ffli ( i + l) # 
B©®©raPB> n i tiXf i #a©51£^SI5 

M© d i^fc*it+ ■sa#f ^, b- i «x - >fflij*> ^ i # 
[0 0 5 6 ] *fc. #N»ii»«T©iii-c«-i*e.n5. 

[0057] 
[J1-3] 

y-Zr 



l+(l-(l+10«(yA)0'" 



+ B3r* + Cy» + Dy* + Ey'" 



ccf, x«u>xiSj=^,j:i53ttt:)^iS]'^©^{4fii, y« 

[0 05 8] 06-8«-?-*i^niSffl3«feP!ll (SWS?^ 

gsi ) ©x-Au>x©c;ftffl. ttiraa-sjist. Mits 
K:*jw^,aiRMia-c*-5. 129-1 1 B-e-n-en?sffi3i 

.^M. mm^iasifi^iimm-c&i,. iii2'>'i4 
it^H-^tiWLmmi&m3 (mmmms) ©x-au>x 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Sequentially from a long conjugation side, the 1st lens group of negative refractive power, the 
2nd lens group of forward refractive power, It has the 3rd lens group of negative refractive power, the 
4th lens group of forward refractive power, and the 5th lens group of forward refractive power. While 
being the zoom lens made to move said 2nd lens group and 4th lens group to a long conjugation side and 
having at least one aspheric lens on the occasion of the variable power from a wide angle edge to a tele 
edge The zoom lens characterized by satisfying the conditional expression which becomes |tkw/fw|>4 
when setting the focal distance of the whole system [ in / for the distance from the pupil by the side of 
the short conjugation in a wide angle edge in case the conjugation length by the side of long conjugation 
is infinite distance to a short conjugation side / tkw and a wide angle edge ] to fw. 

[Claim 2] The zoom lens according to claim 1 with which said 1st lens group is characterized by having 
an aspheric lens. 

[Claim 3] Claim 1, the zoom lens of two publications with which said 5th lens group is characterized by 
having an aspheric lens, 

[Claim 4] Said 5th lens group is a zoom lens according to claim 1 to 3 characterized by having at least 
one positive lens and at least one negative lens. 

[Claim 5] On the occasion of the variable power from a wide angle edge to a tele edge, it is the zoom 
lens according to claim 1 to 4 which spacing of said 2nd lens group and 3rd lens group increases, and is 
characterized by spacing of said 3rd lens group and 4th lens group decreasing. 

[Claim 6] On the occasion of the variable power from a wide angle edge to a tele edge, it is the zoom 
lens according to claim 5 which spacing of said 1st lens group and 2nd lens group decreases, and is 
characterized by spacing of said 4th lens and 5th lens group increasing. 

[Claim 7] It is the zoom lens according to claim 1 to 6 characterized by for said 2nd lens group having at 
least two positive lenses and at least one negative lens, and said 3rd lens group having at least one 
negative lens. 

[Claim 8] the time of setting [ the focal distance of the whole system of a wide angle edge / the focal 
distance of the whole system of fw and a tele edge ] the focal distance of fl and the 2nd lens group to f2 
for the focal distance of the 1st lens group of ft - 0.8<|fll / f2 - < 20.5<|£2/root(fwxft) |<1.5 - the 
zoom lens according to claim 1 to 7 characterized by satisfying conditional expression. 
[Claim 9] The location of said 3rd lens group in a tele edge is a zoom lens according to claim 1 to 8 
characterized by being in a long conjugation side compared with the location of said 3rd lens group in a 
wide angle edge. 

[Claim 10] On the occasion of variable power, said 1st lens group is a zoom lens according to claim 1 to 
9 characterized by being fixed. 

[Claim 11] Said 1st lens group is a zoom lens according to claim 1 to 10 characterized by having a 
positive lens in the longest conjugation side. 

[Claim 12] Said 1st lens group is a zoom lens according to claim 1 1 characterized by consisting of the 
positive lens which has power strong against a big conjugation side sequentially from a long conjugation 
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side compared with a short conjugation side, a negative meniscus lens which turned the convex to the 
long conjugation side, a biconcave lens, and a positive lens. 

[Claim 13] Said 1st lens group is a zoom lens according to claim 1 to 10 which consists of a negative 
meniscus lens which turned the convex to the long conjugation side sequentially from the long 
conjugation side, a biconcave lens, and a positive lens, and is characterized by one [ at least ] field of 
this negative meniscus lens being the aspheric surface. 

[Claim 14] Said 5th lens group is [External Character 1], when setting the radius of curvature of the lens 
side by the side of short conjugation of R5f and this positive lens to R5r for the radius of curvature of 
the lens side by the side of big conjugation of this positive lens, while consisting of one positive lens. 



The zoom lens according to claim 1 to 13 characterized by satisfying the becoming conditional 
expression. 

[Claim 15] The optical instrument characterized by having a zoom lens according to claim 1 to 14. 
[Claim 16] Projection equipment characterized by having a display means to display a subject copy, and 
a projector lens for projecting this subject copy on a screen, and constituting this projector lens by the 
zoom lens according to claim 1 to 14. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the suitable zoom lens for the projector lens of the 
projection equipment which carries out amplification projection of the subject copy fixed especially to 
finite distance at a screen about a zoom lens. 
[0002] 

[Description of the Prior Art] The formation of an extensive field angle is comparatively easy for the 
zoom lens of the negative reed-type which the lens group of negative refi-active power precedes, and it 
has the features that optical-character ability is maintainable also in contiguity photography distance etc. 
On the other hand, the movement magnitude of the lens group which moves at the time of variable 
power increases, or it has a fault, like a raise in variable power is difficult. 

[0003] These faults are improved and the zoom lens which attained miniaturization of the whole lens 
system and high variable power-ization is proposed by JP,49-23912,B, JP,53-34539,A, JP,57-163213,A, 

JP,58-4113,A, JP,63-241511,A, JP,2-201310,A, etc. 

[0004] In each of these official reports, a zoom lens is constituted firom a body side m order [ groups / of 
negative, forward, and negative and forward refi-active power / four / lens ], among these a 
predetermined lens group is moved appropriately, and variable power is performed. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, the projector lens of the equipment which 
compounds the image of each colored light displayed on the liquid crystal display object using two or 
more liquid crystal display objects for every colored light especially to the projector lens of the 
projection device which carries out ampHfication projection of the display image at a screen, and is 
projected on it with one projector lens is asked for the following conditions. 

[0006] (1) In order to eliminate the effect of include-angle dependence of the color composition dichroic 
mirror when compounding the luminous-intensity-distribution property of liquid crystal or two or more 
colored light, it is the so-called telecentric optical system which has far away the pupil seen firom the 
display image side (a subject-copy side, short conjugation side). 

[0007] (2) A back focus is a ******** in order to secure the tooth space of the color composition 
component which intervenes between a display object and a projector lens. 

[0008] (3) Since upper part projection of the display image is generally carried out, to a projector lens 
optical axis, a display object is used, after the center position has shifted, and near a fi-ont ball will not 
have the service area symmetrical with an optical axis to be used as a result, and it will incline up. 
Therefore, since a fi-ont ball diameter becomes large, a certain improvement be required. 
[0009] To such a requirement, with the zoom lens of the above-mentioned conventional example, it is in 
finite distance with the comparatively near pupil location seen from the short conjugation side, and a 
back focus is also hard to be referred to as long enough. 

[0010] Furthermore, as shown in drawing 21 (a), when performing superposition projection (stack 
projection) using two liquid crystal projectors A and B is assumed When the zoom lens of the 
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conventional example is used as a projector lens, since the distortion aberration in a wide angle edge is 
comparatively large. As a continuous line shows the projection image A on the screen S of liquid crystal 
projector A to drawing 21 (b), as for space left-hand side, distortion of a spool mold becomes large. 
Similarly, as a dotted line shows the projection image B on the screen S of liquid crystal projector B to 
drawing 21 (b), as for space right-hand side, distortion of a spool mold becomes large. Therefore, even if 
each liquid crystal projector adjusted the location and magnitude of a projection image finely, pixel gap 
of two projection images remained greatly, and although brightness improved, it does not try not to have 
a feeling of resolving and had the problem that only a **** projection image was acquired. 
[001 1] This invention aims at being a tele cent rucksack and long moreover a back focus providing a 
short conjugation side with a small zoom lens, obtaining good optical-character ability. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the zoom lens of this 
invention Sequentially from a long conjugation side, the 1st lens group of negative refractive power, the 
2nd lens group of forward refractive power. It has the 3rd lens group of negative refractive power, the 
4th lens group of forward refractive power, and the 5th lens group of forward refractive power. While 
being the zoom lens made to move said 2nd lens group and 4th lens group to a long conjugation side and 
having at least one aspheric lens on the occasion of the variable power from a wide angle edge to a tele 
edge When setting the focal distance of the whole system [ in / for the distance from the pupil by the 
side of the short conjugation in a wide angle edge in case the conjugation length by the side of long 
conjugation is infinite distance to a short conjugation side / tkw and a wide angle edge ] to fw, it is 
characterized by satisfying the conditional expression which becomes |tkw/fiv|>4. 

[0013] . . 

[Embodiment of the Invention] Hereafter, explanation about the operation gestalt of this mvention is 

given using a drawing. 

[0014] (Operation gestalt 1) Drawing 1 is the lens sectional, view of the zoom lens of the operation 
gestalt 1 which shows data to the below-mentioned numerical example 1 . The zoom lens of this 
operation gestalt is a non-illustrated screen side (a long conjugation side). Sequentially from the left- 
hand side in drawing, it has the 1st lens group LI of negative refractive power, the 2nd lens group L2 of 
forward refractive power, the 3rd lens group L3 of negative refractive power, the 4th lens group L4 of 
forward refractive power, and the 5th lens group L5 of forward refractive power. While the 1st lens 
group LI and the 5th lens group L2 are immobilization and moving the 2nd lens group LI2 and the 4th 
lens group L4 to a screen side on the occasion of the variable power (zooming) from a wide angle edge 
to a tele edge, the 3rd lens group L3 also makes it move to a screen side in monotone. The glass block 
by which D is equivalent to cross die clo prism etc., and P are liquid crystal panels (short conjugation 
side) with which an image is displayed among drawing. 

[0015] In this operation gestalt, the 1st lens group LI consists of the positive lens which has power 
strong against a screen side as compared with the liquid crystal panel P side, a negative meniscus lens 
which turned the convex to the screen side, a biconcave lens, and a positive lens sequentially from a 
screen side, and a negative meniscus lens is an aspheric lens with which the field by the side of a screen 
is the aspheric surface. 

[0016] It is for amending distortion aberration most to arrange [ of the 1st lens group LI ] a positive lens 
to a screen side, and it is for suppressing generating of high order distortion aberration small especially 
to give power strong against the screen side of the positive lens. A negative meniscus lens is arranged 
from the screen side of the 1st lens group LI to the 2nd for making each side distribute refraction of an 
axial outdoor daylight line almost uniformly, and suppressing generating of comatic aberration small, 
and the aspheric surface is used for the field by the side of a screen for making distortion aberration 
small. Moreover, by [ of the 1st lens group LI with the low height of an axial outdoor daylight line ] 
performing chromatic-aberration amendment by the liquid crystal panel P side most, the outbreak of the 
high order chromatic aberration of magnification is pressed down small. 

[0017] The 2nd lens group L2 consists of cemented lenses which joined the biconvex lens, the biconvex 
lens, and the negative lens sequentially from the screen side in order to amend spherical aberration and 
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axial overtone aberration good. The 3rd lens group L3 consists of one biconcave lens with the big Abbe 
number in order to make small fluctuation of the chromatic aberration by migration of the 3rd group. 
The 4th lens group L4 consists of a negative meniscus lens of a convex, and a positive lens with power 
strong against the liquid crystal panel P side at the negative lens [ which has power strong against the 
liquid crystal panel P side sequentially from a screen side ], positive lens [ with power strong against the 
liquid crystal panel P side ], and liquid crystal panel P side, in order to mainly amend the comatic 
aberration and the chromatic aberration of magnification of an axial outdoor daylight bxmdle. The 5th 
lens group L5 consists of one positive lens which has power strong against a screen side for amendment 
of a curvature of field and distortion aberration in order to keep away the pupil (entrance pupil). seen 
from the liquid crystal panel P side. 

[0018] Long moreover by such configuration, the back focus has realized the small zoom lens by the tele 
cent rucksack to the short conjugation side, obtaining good optical-character ability. Especially, with 
operation gestalt, while arranging a positive lens to a screen side most, generating of distortion 
aberration is suppressed very small by the thing of the 1st lens group for which the aspheric surface is 
used for the 2nd negative meniscus lens from a screen side. 

[0019] (Operation gestalt 2) Drawing 2 is the lens sectional view of the zoom lens of the operation 
gestalt 2 which shows data to the below-mentioned numerical example 2. Although the zoom lens of this 
operation gestalt is a configuration similar to the zoom lens of the operation gestalt 1, it shortened the 
focal distance of a wide angle edge more, and has realized shortening of projector distance (distance to a 
screen). 

[0020] (Operation gestalt 3) Drawing 3 is the lens sectional view of the zoom lens of the operation 
gestalt 3 which shows data to the below -mentioned numerical example 3. This operation gestalt is an 
operation gestalt from which the lens configuration of the 1st, 4th, and 5th lens group differs to the 
operation gestalt 2. 

[0021] The 1st lens group LI of this operation gestalt consists of a negative meniscus lens which turned 
the convex to the screen side, a biconcave lens, and a positive meniscus lens which turned the convex to 
the screen side sequentially from a screen side, and a negative meniscus lens is an aspheric lens with 
which the field by the side of a screen is the aspheric surface. The 4th lens group L4 consists of the 
negative lens which has power strong against a screen side as compared with the liquid crystal panel P 
side, a positive lens which has power strong against the liquid crystal panel P side as compared with a 
screen side, a negative meniscus lens which turned the convex to the Hquid crystal panel P side, and a 
positive lens which has power strong against the liquid crystal panel P side as compared with a screen 
side sequentially from a screen side. The 5th lens group L5 is constituted from a positive lens with the 
aspheric surface by the field by the side of liquid crystal panel P. 

[0022] Very small distortion aberration is realized by using the aspheric surface for the 1st lens group 

LI with high height and the 5th lens group L5 of an axial outdoor daylight line. 

[0023] (Operation gestalt 4) Drawing 4 is the lens sectional view of the zoom lens of the operation 

gestalt 4 which shows data to the below-mentioned numerical example 4. Although the zoom lens of this 

operation gestalt is a configuration similar to the zoom lens of the operation gestalt 3, numeric data 

differ. 

[0024] (Operation gestah 5) Drawing 5 is the lens sectional view of the zoom lens of the operation 
gestalt 5 which shows data to the below-mentioned numerical example 5. With the operation gestalt 
which transposed the 5th lens group of the operation gestalt 4 to one positive lens and one negative lens, 
the zoom lens of this operation gestalt is considering the 5th lens group as a two-sheet configuration, 
it has realized the same effectiveness as the operation gestalt 4, without using an aspheric lens for the 
5th lens group. 

[0025] Next, the description of each operation gestalt is explained. 

[0026] (a) giving forward refractive power comparatively strong against the 5th lens group L5 nearest to 
liquid crystal panel P (display image) - a tele cent - the rucksack system is realized. Amendment of a 
curvature of field and distortion and coexistence of simplification of a configuration are attained by 
constituting from one positive lens to which the convex strong against a screen side was especially 
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turned for the 5th lens group L5 with the operation gestalten 1-4. 

[0027] (b) While lessening movement magnitude of each group and attaining shortening of an overall 
length by moving the 2nd lens group L2, the 3rd lens group L3, and the 4th lens group L4, and 
performing variable power, distance from the pupil location seen from the screen side to a front ball is 
shortened, and the miniaturization of the front ball diameter decided by the oblique light bundle outside 
a shaft is enabled. 

[0028] (c) By having negative refractive power, the 1st lens group LI took the configuration of a retro 
focus as a whole, and has secured the back focus long for the tooth space between color composition 

-components, such as cross die clo prism. 

[0029] (d) The refractive power of each group has been arranged appropriately, by considering the 1st 
lens group LI as immobilization among zooming, the fluctuation accompanying the variable power of 
the incidence location of the oblique light bundle outside a shaft to the 1st lens group LI was reduced, 
and the lens system with a fixed overall length is realized with simplification of a configuration. 
[0030] (e) In the operation gestalten 1 and 2, arrange the positive lens of the 1st lens group LI which has 
power strong against a screen side in a screen side compared with a liquid crystal panel side most, and 
the negative meniscus lens which tumed the convex to the screen side which has the page [ 1st / at 
least ] aspheric surface in the 2nd from a screen side, and reduction-ization of distortion in a wide angle 
edge is in drawing. 

[0031] the negative meniscus lens which has the aspheric surface and tumed the convex to the screen 
side in the operation gestalten 3 and 4 at the screen side - the 1st lens group LI - it arranges to a screen 
side most, at least one aspheric lens is arranged in the 5th lens group L5, and reduction-ization of 
distortion in a wide angle edge is in drawing. 

[0032] the negative meniscus lens which has the aspheric surface and tumed the convex to the screen 
side in the operation gestalt 5 at the screen side - the 1st lens group LI ~ it arranges to a screen side 
most, at least one positive lens and at least one negative lens are arranged in the 5th lens group, and 
reduction-ization of distortion in a wide angle edge is in drawing. 

[0033] The focal distance of the whole system of a wide angle edge and a tele edge, respectively (f) fiv, 
ft. The focal distance of the 1st lens group LI The focal distance of fl and the 2nd lens group L2 When 
the conjugation length by the side of a screen [ in / focal distance / of f2 and the 3rd lens group L3 / for 
the focal distance of f4 and the 5th lens group L5 / in the focal distance of B and the 4th|lens group L4 / 
f5 and a wide angle edge ] (long conjugation side) is infinite distance When setting to tkw distance of 
the pupil and liquid crystal panel P which were seen from the ************ p side (short conjugation 
side) |tkw/fw|> 4(1), | 
0.8<|fl|/f2<2 (2) 
0.5<f2/root(fsvxft) <1.5 (3) 

The becoming conditional expression is satisfied. 

[0034] (1) A formula is what was limited about the ratio of the distance of the pupil and liquid crystal 
panel P which were seen from the liquid crystal panel P side, and the focal distance of the wide angle 
edge of the whole system. In the range exceeding conditional expression, the location of a pupil is too 
close to liquid crystal panel P, and ttie include angle of the chief ray outside a shaft in a display image 
becomes large. Since whenever [ to color composition components, such as cross die clo prism arranged 
between projector lens and liquid crystal panel P, / incident angle ] differ greatly around liquid crystal 
panel P and color nonuniformity occurs on a screen, it is not good. 

[0035] (2) A formula specifies appropriately the relation between the 2nd lens group L2 which is the 
main variable power group, and the 1st lens group LI. (2) It becomes [ the front ball diameter decided 
by the 1 st lens group LI becomes large, and / the distortion aberration in a wide angle edge ] large and is 
not suitable if it deviates from the lower limit of a formula. If it deviates from a upper limit, in order to, 
obtain a desired variable power ratio on the other hand, it is necessary to enlarge movement magnitude 
of the 2nd lens group L2, and the whole system enlarges and is not suitable. 

[0036] (3) If a formula makes power of the main variable power group suitable and a lower limit is 
exceeded, the curvature of field of an undershirt generates and is not suitable for it. On the other hand, if 
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a upper limit is exceeded, in order to obtain a desired variable power ratio, it is necessary to enlarge 
movement magnitude of the 2nd lens group L2, and the whole system enlarges and is not suitable. 
[0037] Moreover, in order to amend a curvature of field proper 0.9<|fl|/fw<2 (4) , 
The becoming conditional expression is satisfied. 

[0038] (4) Since the power of the 1st lens group LI will become weak too much if a ciirvature of field 
becomes exaggerated and exceeds a upper hmit, since the power of the 1st lens group LI will become 
strong too much if it deviates from the lower limit of a formula, a curvature of field becomes an 
undershirt and is not desirable. 

[0039] Moreover, when setting to M2 and M4_movement magnitude (difference of wide.angle end 
position and a tele edge location) in zooming of the 2nd lens group L2 which sets to Z change beta2 
t/beta 2w accompanying the variable power of the scale factor of the 2nd lens group L2 which is the 
main variable power group, and turns into [ w ] a variable power group in Z2 and change ft/fw of the 
focal distance of the whole system, and the 4th lens group L4, respectively 0.9<Z2 / Z< 1.1 (5) , 
0.5<M2/M4<1.9 (6) 
0.5<M2/(ft-fw)<1.5(7) 

The becoming conditional expression is satisfied. 

[0040] (5) A formula specifies appropriately the ratio of the variable power in the 2nd lens group L2 and 
the 4th lens group L4 used as a variable power group. In order to **** the 3rd lens group L3 on the 
occasion of variable power, it is desirable that it is in this range. 

[0041] (6) and (7) types make suitable the die length of the whole lens, and movement magnitude of 
each variable power group. Since power tends to become [ the direction of the 4th lens group L4 ] weak 
especially by the 2nd lens group L2 and the 4th lens group L4, for carrying out a suitable variable power 
assignment, this range is desirable. 

[0042] Since power tends to become [ the direction of the 4th lens group L4 ] weak by the 2nd lens 
group L2 and the 4th lens group L4 as mentioned above 0.15<f2/f4<0.9 (8) 
The becoming conditional expression is satisfied. 

[0043] (6) and (8) types are conditions required to set up the PETTSU bar sum suitably, making suitable 
power arrangement and variable power of the main variable power group. 
[0044] Moreover, when setting a back focus to bf 0.3<bf/f 5< 0.6 (9) , 
0.9<|fl|/bf<2.2(10 

The becoming conditional expression was satisfied and the pupil location and distortion which were 

seen from the Uquid crystal panel P side of the whole system are set up suitably. In a back focus bf, it is 

the distance (air conversion length) from the 5th lens group L5 to Uquid crystal panel P. Formulas (9) 

are conditions required in order to use the whole system as a tele cent rucksack appropriately. It will 

enlarge, if the upper limit of a formula (9) is exceeded, and if a lower limit is exceeded, distortion will 

occur. Formulas (10) are the conditions for lengthening distance to the pupil seen from the liquid crystal 

panel P side, and making it a tele cent rucksack, taking distortion appropriately. 

[0045] Moreover, in order to make movement magnitude of each group suitable and to attain a 

miniaturization, making power arrangement of each group suitable 1 .0<|fl |/root(fwxft) <1.7 (1 1) , 

0.6<|f3|/root(fwxft) <2.0 (12) 

1.1 < f4 /root(fwxft) <3.5 (13) 

1.5 < f5 /root(fArxft) <3.0 (14) 

The becoming conditional expression is satisfied. 

[0046] Moreover, in order to also suppress the fluctuation, reducing the chromatic aberration of 
magnification in zooming, the Abbe number nu 3 constitutes the 3rd lens group L3 from a negative lens 
of the following range. 
[0047] 

nu3>35 (15) 

A formula (15) is . nu3> 40 (15a) 

It comes out and a certain thing is desirable. 

[0048] Moreover, in order to make small the high order chromatic aberration of magnification, average 
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Abbe number nuln of the negative lens which constitutes the 1st lens group LI has satisfied the 

following conditional expression. 

[0049] 

nuln>55 (16) 

In order to amend distortion aberration good, the 5th lens group L5 has satisfied the following 

conditional expression while constituting it from one positive lens. 

[0050] 

[External Character 2] 

kI I (17) 

R5f I 

Here Radius-of-curvature R5r of the lens side by the side of the screen of the R5f:lens [ 5th ] group: In 
order to amend the radius of curvature and distortion aberration of a lens side by the side of the display 
image of the 5th lens group good, the following conditional expression is satisfied. 
[0051] 

0.15<SF5<1.5 (18) 

It is here. SF5=(R5 r+R5f)/(R5 r-R5f) 

[0052] Although the zoom lens of the operation gestalten 1-5 has satisfied all (1) - (18) types explained 
here, it is not necessarily having to satisfy all conditional expression simultaneously. Since the 
effectiveness by the monograph affair type is acquired separately, respectively, all the combination of 
(1) - (1 8) type can be taken with the specification of a zoom lens. 

[0053] (g) Although it is easiest constitutionally to carry out by the 1st lens group LI, focus doubling to 
finite distance may move the 3rd lens group L3, the 5th lens group L5, or two or more groups with 
different movement magnitude, and may be performed. Moreover, the whole zoom lens may be moved 
in one, or you may carry out by moving liquid crystal panel P. 

[0054] By constituting, as shovra in the operation gestalten 1-5, with a simple configuration, the f 
number is as bright as about 1.8, and the small tele cent rucksack zoom lens which suppressed distortion 
and the outbreak of the chromatic aberration of magnification few can be realized. High definition image 
projection can be performed by using such a zoom lens for the projector lens of amplification projection 
projection equipment. Moreover, since distortion aberration was made very small throughout the 
variable power region, also when performing superposition projection using two or more liquid crystal 
projectors, generating of pixel gap can be made very small and a bright projection image with a high 

definition is acquired. -.•.-/ i. 

[0055] A numerical example is shown below. In each numerical example, a refractive index [ in / ri / the 
radius of curvature of the i-th field and di, and / in ni / d line of a screen side to the i-th optical member ] 
and nui are the Abbe numbers of the i-th optical member from a screen side. [ side / screen ] [ spacing of 
a screen side to the i-th field and the field of eye watch (i+1) ] 

[0056] Moreover, the aspheric surface can be expressed with the following formulas. 
[0057] 

[External Character 3] 

It is here and, for the displacement value to the direction of an optical axis, and y, the distance from an 
optical axis and r are [ x / a cone constant and B-E of paraxial radius of curvature and k ] aspheric 
surface multipliers from lens top-most vertices. 

[0058] Drawing 6 -8 are many aberration drawings in the wide angle edge of the zoom lens of the 
numerical example 1 (operation gestalt 1), a medium focal distance, and a tele edge, respectively. 
Drawing 9 -1 1 are many aberration drawings in the wide angle edge of the zoom lens of the numerical 
example 2 (operation gestah 2), a medium focal distance, and a tele edge, respectively. Drawing 12 -14 
are many aberration drawings in the wide angle edge of the zoom lens of the numerical example 3 
(operation gestalt 3), a medium focal distance, and a tele edge, respectively. Drawing 15 -17 are many 
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aberration drawings in the wide angle edge of the zoom lens of the numerical example 4 (operation 
gestalt 4), a medium focal distance, and a tele edge, respectively. Drawing 1 8 -20 are many aberration 
drawings in the wide angle edge of the zoom lens of the numerical example 5 (operation gestalt 5), a 
medium focal distance, and a tele edge, respectively. 

[0059] Moreover, the numeric value of conditional-expression [ of each operation gestalt ] (1) - (18) is 
shown in a table - 1 . 

[0060] 

[External Character 4] 
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1/13° 53.9 


r24= 


-513. 828 


d24» 


9.90 






r25= 


CO 


d25= 


45.00 


Dl4= 1. 51633 


1/14=64,1 



r26= « 





53.74 


62.62 


69. 82 






d 8 


15.94 


6. 71 


1. 10 


d 13 


15. 53 


18. 50 


21.87 


d 15 


11.17 


7.81 


4.96 


d 22 


4.04 


13. 66 


18.76 



no r k B C D E 

3 1.276520*02 1. 95682D+00 5. 50527D-07 -1. 98030D-09 -3. 81162D-13 -1. 30831D-16 

[0061] 

[External Character 5] 
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f-48. 33096— 62. 80 F«=l:l. 8--2. 2 2ca«25.6* —20.3* 



r 1= 


169. 545 


d 1- 


&12 


n 1- 


1. 65844 


u 1-50.9 


r 2= 


983. 297 


d 2= 


0.20 








*r 3= 


109. 090 


d 3= 


3.50 


n 2= 


1. 49171 


V 2=57.4 


r 4- 


38. 214 


d 4= 


22.10 








r 5- 


-70. 615 


d 5= 


Z28 


n 3= 


1. 51633 


u 3=64.1 


r 6= 


62. 765 


d 6= 


6.60 








r 7= 


84. 403 


d 7= 


5.35 


D 4= 


1. 83400 


u 4=37.2 


r 8= 


326. 297 


d 8= pI^ 










r 9= 


117. 649 


d 9= 


a 12 


D 5* 


1. 80610 


u 5° 40.9 


. rlO= 


-274. 264 


dl0= 


19. 27 








rll= 


98. 735 


dll= 


7. 36 


0 6= 


1. 77250 


u 6=49l6 


rl2= 


-55. 314 


dl2= 


1. 80 


Q 7= 


1. 846^ 


1/ 7=23.8 


rl3= 




dl3= 










rl4- 


-60. 028 


dl4- 


1. 70 


n 8- 


1. 51742 


V 8-52.4 


rl5- 


77. 807 


di5= wis: 










rl6» 


333. 489 


dlB= 


2.30 


n 9= 


1. 64769 


1/ 9=33.8 


rl7= 


130. 991 


dl7= 


5.05 








rl8= 


-373. 610 


dl8= 


11.60 


nlO= 


1. 72000 


1/10= 50.2 


rl9- 


-35. 135 


dl9- 


2.60 


nll° 


1. 80518 


1/11-25.4 


r20= 


-68. 550 


d20= 


0.20 








r21= 


-3823. 400 


d21= 


4.99 


Dl2= 


1. 71300 


1^12=53.9 


t2> 


-143. 857 


d22» RJ9! 










r23= 


S3. 531 


d23= 


9.71 


nl3° 


1. 65844 


1/13-50.9 


r24= 


-295. 472 


d24» 


9.80 








r25= 


CO 


d25= 


45.00 


iil4= 


1. 51633 


1/14=64.1 



r26= «» 





48.33 


56.32 


62.80 


d 8 


16. 36 


6.75 


0.90 


d 13 


18. 92 


20. 34 


24.34 


d 15 


10.12 


4.47 


4. 47 


d 22 


1. 98 


15.67 


15.67 



no r k B C D E 

3 1. 0909QD+02 -3. 5888aD-01 4, 92328D-07 -1. 48369D-09 -1. 05396D-12 -5. 12720D-16 

[0062] 
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f =48. 50796-6^ 24 


F»=l:l.e- 


2.2 


2w=26.r 


-20.9* 


*r 1= 


63. 479 


d 1 = 


4. 00 


n 1° 


1.49171 


u 


1»57.4 


r 2= 


35. 542 


d 2= 


23. 71 










r 3= 


-151. 084 


d 3= 


3.00 


o 2= 


1. 51633 


u 


2=^64.1 


r 4= 


56. 459 


d 4- 


1.77 










r 5= 


55. 368 


d 5- 


5.45 


D 3** 


1.80518 


y 


3-25.4 


r 6= 


83.102 


d 6= "513? 












r 7= 


81.106 


d 7= 


8.31 


D 4= 


1. 78590 


u 


4=44.2 


r 8= 


-453. 504 


d 8= 


27.49 










r 9= 


62. 681 


d 8" 


a 26 


n 5= 


1. 83400 


u 


5=37.2 


rlO= 


-42. 913 


dl0= 


1. 80 


D 6= 


1. 84666 


V 


6-23.8 


rll^ 




ORD) dll=plg^ 












riZ^ 


-145. 887 


dl2= 


1.70 


D 7= 


1. 58144 


V 


7= 40.8 


rl3= 


57. 174 


dl3= Bj^ 












rl4- 


-44. 352 


dl4- 


2.00 


D 8- 


1. 67270 


V 


8«32.1 


rlS" 


199. 293 


dl5= 


0.42 










rl6= 


270. 110 


dl6= 


9.84 


0 9= 


1. 77250 


V 


9=49.6 


rl7= 


-51.072 


dl7= 


5.18 










rl8= 


-36. 882 


dl8= 


2.60 


nl0= 


1. 68893 


vlO= 31.1 


rl9= 


-45. 325 


dl9= 


3.64 










r20= 


433. 887 


d20» 


9.16 


nil" 


1. 69680 


1^11" 55.5 


r21= 


-91,844 


d21=^ 












r22= 


90. 765 


d22= 


la 49 


nl2" 


1.49171 


vl2=57.4 


»r23= 


-232. 974 


d23- 


14. 00 










r24= 


CD 


d24=^ 


45.00 


Dl3= 


1. 51^ 


1^13^64.2 



r25= «• 









62.80 


48.33 


56.32 








d 6 


17.86 


10.00 


2.15 


d 11 


2.23 


3. 80 


6.56 


d 13 


17.76 


14.48 


9.51 


d 21 


1. 21 


10.77 


20.84 



%mim^mi B c D E 

'b. 347890+01 6.50264D-05 6. 06193D-07 7.46606D-11 7. 71536D-14 -1. 12405D-17 

r k B C D E 

-2. 32974D+02 -1. 28036D-02 5. 08749D-07 5.33821D-10 -6. 16053P-13 4.24068D-16 

[0063] 
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f=48.78185~62.06 F«f1;1.8— £2 2«=26° —21' 



*r 1*= 


61. 252 


d 1- 


4.00 


o 1- 1.49171 


V 1-57.4 


r 2= 


34. 575 


d 2= 


22.87 






r 3= 


-127. 910 


d 3^ 


3.00 


n 2= 1.48749 


V 2=70.2 


r 4= 


53. 342 


d 4= 


1. 65 






r 5° 


52. 537 


d 5= 


ao4 


D 3° 1. 83400 


1/3=37.2 


r 


81. 758 


d 6» eJS^ 








r 1- 


86. 2B3 


d 7= 


7.54 


n 4= 1. 83400 


u 4=37.2 


r 6= 


-404. 187 


d 8» 


26. 17 






r Q=s 


60. 941 


d 9» 


9.46 


n 5= 1. 80610 


u 5=40.9 


.-rlO= 


-43. 166 


dl0= , 


.1.80 


D 6» 1. 84666 


V 6= 23.8 


rll= 


CRD) 


dll= pJSE 










-172. 102 


dl2= 


1. 70 


□ 7= 1. 54814 


u 7-45.8 




52. 712 


dl3= 










-52. 508 


dl4- 


2.00 


D 8- 1. 68893 


1/ 8»31.1 




168. 703 


dlS" 


0.91 






rIG= 


526. 957 


dl5» 


8.05 


0 9= 1. 77250 


V 9=49.6 


rl7= 


-51. 861 


dl7= 


4.66 






rlB- 


-37. 857 


dl8- 


2.60 


iilO= 1. 83400 


1/10=37,2 


rl9= 


-50. 152 


dl9> 


3.64 






r20= 


4099. 928 


d20- 


9.15 


Dll= 1. 71300 


i/ii"oa.9 


r21= 


-75.640 


d21= RJIC 








r22= 


91. 320 


d22» 


11.82 


ol2» 1.49171 


1/12-57.4 


*r23= 


-143. 898 


d23= 


14.00 






r24= 


oo 


dZ4= 


45.00 


d13» 1. 51633 


yl3=>64.2 



r25= « 









62.06 


48. 78 


54.61 








d 6 


21. 99 


14. 37 


6. 75 


d 11 


2.12 


4.23 


7.38 


d 13 


17.35 


13. 94 


9.03 


d 21 


1.17 


10. 09 


19.48 



r k B C D E 

6. 12524IH01 3. 40009P-03 -1. 10565D-07 -1. 19816D-09 6. 56438iy-13 -2. 53493D-16 

r k B C D B 

-1.43898IH02 7. 00591D-01 1. 16770D-0B 3. 86787D-09 -2. 88980D-12 1.67835D-15 

[0064] 

[External Character 8] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/26/2004 



f =48. 89578--82. 08 F«=l:1.8^2.2 2cy==26* --21* 



♦ r 1- 


62. 550 


d 1= 


4. 00 


n 1= 


1.49171 


V 


1-57.4 


r 2= 


35. 217 


d 2^ 


22. 73 










r 3= 


-122. 794 


d 3= 


3.00 


n 2= 


1.48749 


V 


2=70.2 


r 4= 


54. 290 


d 4= 


3.60 










r 5=- 


56. 965 


d 5= 


5.96 


n 3° 


1. 83400 


1/ 


3»37.2 


r 6= 


93. 358 


d 6='SJ^ 












r 7= 


85.419 


d 7= 


8. 33 


n 4= 


1. 83400 


u 


4=.'n.2 


r 8== 


-307. 193 


d 8= 


27.84 










r 9= 


61. 278 


d 9= 


9.31 


n 5* 


1. 78590 


V 


5= 44. 2 




-45. 703 


dlO= 


1.80 


a 6- 


1. 84666 


V 


6-23.8 


rll= 




dll= pj^ 












rl2=- 


-114 40262. 


dl2» 


1.70 


a 7- 


1. 54814 


1/ 


7= 45.8 


rl3= 


658 


dl3=wrSS 












rl4" 


-3420. 867 


dl4- 


^00 


D 8- 


1. 78472 




8-25.7 




117. 477 


dl5= 


2.72 










rl6s 


-326. 928 


dl6» 


4.87 


D 9= 


1. 77250 


u 


9=49.6 


rl7= 


-68. 374 


dl7= 


a 60 










rl8= 


-34. 700 


dl8" 


2.60 


nlO<= 


1. 83400 


vl0=37.2 


rl9= 


-45. 602 


dl9» 


a64 










r20= 


-237.548 


d20= 


a 58 


Qll= 


1. 69680 


1^11=55.5 


r21= 


-58.940 


d21= Pl« 












r22= 


112. 818 


d22» 


1^56 


nl2» 


1.69680 


1/12=55.5 


r23= 


-113. 901 


d23= 


1.51 










r24= 


-112. 534 


d24= 


a 00 


al3» 


1. 59551 


vl3=38.2 


r25- 


-193. 806 


d25= 


14. 00 










r26= 


CD 


d26» 


45.00 


ol4° 


1. 51633 




14=64.2 



r27- « 





48.898 


54.707 


62.080 


d 6 


la 25 


12. 08 


4.90 


d 11 


5. 07 


7. 87 


11.64 


d 13 


11. 89 


a 39 


a 47 


d 21 


1.17 


a 04 


ia36 



no r K ^ ^ " 

3 a25503D+01 a42175D-03 5, 05186D-07 -a 17842D-10 4. 77369D-13 -1. 94075D-1B 

[0065] 
[A table 1] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



Page 12 of 12 







mm&m2 








(1) 


7.576 


7.699 


6.139 


6.104 


6.092 


(2) 


1.595 


1.359 


1.356 


1.391 


1.365 


(3) 


0.902 


1.057 


0.932 


0.938 


0.979 


(4) 


1.640 


1.638 


1.431 


1.471 


1.506 


(5) 


0.983 


0.980 


1.007 


0.995 


0.977 


(6) 


1.008 


1.129 


0.800 


0.833 


1.011 


(7) 


0.923 


1.068 


1.144 


1.147 


1.088 


(8) 


0.529 


0.577 


0.426 


0.338 


0.379 


(9) 


0.468 


0.473 


0.409 


0.475 


0.502 


(10) 


1.707 


1.535 


1.264 


1.308 


1.452 


(11) 


1.439 


1.437 


1.263 


1.305 


1.337 


(12) 


1.112 


1.183 


1.282 


1.334 


1-174 


(13) 


1.705 


1.833 


2.193 


2.774 


2.585 


(14) 


1.603 


1.978 


2.444 


2.100 


1.834 


(15) 


64.14 


52.43 


40.76 


45.79 


45,79 


(16) 


60.77 


60.77 


60.77 


63.82 


63.82 


(17) 


5.568 


3.159 


2.567 


1.576 




(18) 


0.695 


0.519 


0.439 


0.224 





[0066] 

[Effect of the Invention] Long moreover, a back focus can realize a small zoom lens by the tele cent 
rucksack to a small conjugation side, obtaining good optical-character ability according to this 
invention, as explained above. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this trains la tion . 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 101 
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rPrawing 121 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi__ejje 8/26/2004 



Page 6 of 10 




[Drawing 141 
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[Drawing 16] 



http://www4.ipdl.jpo .go.jp/cgi-bin/tran_web_cgi_ejj e 



8/26/2004 



Page 8 of 10 
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[Drawing 18] 
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[Drawing 191 
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[Drawing 201 
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